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Abstract, . ~’hc l,a.scr Irtclferonmtw  SIKWC  Atltcl]na  is a  s p a c e  rnis<iott dcsigt,ed
Lo rtctcct  g[avitatiotlal  w a v e s  iri t}lc frcclucr]cy  range  from bclc~w 0 . 0 0 0 1  IIz to 1
}  1% by mca??uring  changes  iu the dislsince  brtweca s]mcccraft  sq,aratccl by several
]I]illiorl kilortwtc]s,  ‘1’}w  s]mccctafl  olbil irl a trian~u]ar forl[]atior]  for]lling  three (not
incfcpmclent)  interferometers with arm Icngths  clrtcrmirml  by t}]e distances bctwccn
the vertices. ‘1’hc aonlinal  orbit configuration is desc[ ihccf and corltrastcd  witl~ art
alternative collfigutatirm, Char,ges  iri the distrmccs  tIctwectL the vcrticcs  causes  a
])o~~~jlcr shif t  ill tllc hw!r  sigrla]s bctwcwrl sI,accctaf  L. “1’tle  sim c,f the nlca.suter]m]t
m [or  i]]troclucmi by this I)or>ljlcr  sl]ift is de~~cndcllt  o~~ ttie stability c)f the s~>acccrafl
forirmtion,

1. II)troduction

‘J’l Ic. curmlt dcsig]l  for tlm l,rrsw llkcrfcranctcr S]HWC  Alltmllla  (1 ,ISA) lIlissicr~l is to
]Iavc!  siX s~mcccrafl  iIl a triallga]ar forlilntioll Wit]l two sl)acccraft  at caclI vcrkx mid five

]Ililliml kilcrnlcicrs bctwccn  vcrticm  [I], CIIaIIgf!s  irl t,lIc dista]lcc  hctwccll  S1)MWCI  aft are
lncasutd  usi}lp, lasw  i)~tcrfcmldry  ill orclcx to clded gI avitatic)llal  wmws.  ‘1’lIc ~)air
of s])acx!crafl  at {!ac}I vertex Imrforun  ,as tlm ccnltcr of a Micldsoll-like illtcrfcrc]Inc.te.r
with  alri] k!tlgt]l givc)l by tho d i s t ance  to  t]lc s~)acccraf~ at tile ot, }icr vcrticcs.  ‘1’lIc
orbits for tl}c illciividual s])acccraft  arc c} IoscII  to mailkaill  t}lc forillatim] tllrougllout.
a two year nomil]al mission.

‘J ‘IIC f] cqucIIcy  response of the itltcrfcro]ndcrs  to gravitat iolial waves is dcjmldmlt,
011 t!llc allI) lNIF,llI. ‘1’Ilc clctcdor rcsJmlIsc  a t  }lig}lcr flcqumlcics  i s  lilrlitcd by
rcduccd  c~IaIIp,{!  iIl t]]c scparwtioll bctwcc]l  slmcc!cI’aft  (for a givml  gravitatimlal  w a v e
alll]ditudc)  for signa]s with  wavclc]lgths  ]CSS t]lan t]m distance bc!twcc II s])acccrafl.
‘J’lIc dctcc.tor  rcs])ol~sc  at low frcqucllcics  is lilllitd by tllerlll[~lly-illclllcf:[l  Iloisc al]d
ot.f!cr clisturbauccs  of tllc t,cstl lIIaxcs  illsiclc cacll spacecraft. F’or  a givml lcvd  of Imisc
a gI t!atcr distalicc  bctwc!ml s])acccraft  will ,givc iiI)]Jrovcd  smlsitivit,y for ]ow-frcquc]lcy
F,ravitat.ioxd  sigy~als. ]Iy c}loc~siug  tk! sl)acccraft  orbits  to keel) tlm distallcc  bctwccIl
distaIA s])acccraft  ~war]y co]lstant,  the frequency rcs~mllsc  of the Inissicm  will lIc k(!jk at
tllc: c} IoscII o])tiIIluln. ]<cc~)irig the distallcc  l)ctwcc~l s~)acc:craft as coxlstallt s.s ~mssihle
also IX!c]ucm ]JIOMCII-IS  causccl  by ] )c)p~)]cr  s}lifts  of the hscrs signals bctwccn s])acccraft,
as will h discussd  below.

‘J’wo candidate ollrit gcolrlctrics  were  proposed ill illit,ial studies of t}lc ] ,]SA
lnission.  ‘J’lm l}cliocc]tric  o]hion is s}IowII  ill figure 1 a [1][2),  III tllc }Iclic)cc)ltric  olkioll
t]lc s})acc!craf~ forln a tria~glc  wit]] a ccnltt!r a fixcc]  distallcc! bcllitld the ](;art]l;  fmli
t]lc }(k~I  Lh the tria~lp,lc: al)pcars  to rotate about  t]lc cclAcr wit]]  a ]~criod of one year.
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k;ac.1~ spat.c.c.rafL is in MI orbit about the SUII wit}] lnajor  axis ~) = 2AU a[ld ccccmtricity
c : d/(1){3),  where d is the sclmratio~l  hctwccn  vcrticws. ]f t]ic s~mxm-afl- were all in
L]IC SZIIIIC lI]aIIc thc!ll L]Ie sq)aratio]l  bdwml  spacxxraft  wou]c] v a r y  bctwcml  I)c a[d
l)c/2, }Iy ,givillg t]m spacecraft  all incliriatio~l z = d/1), aIIcl by a~)~)ro~miatc clloicc
o f  tlm IIodc, mloma]y,  atd ar.gumcnt c}f pcrillc’lioI1,  the sqmratiol]  M,ww:)[ s~)acccraft
is  col)sta~lt  to order  I)cz. III the gmcm]tric  optic)tl, tim spacx!c.raft would  tm ill a
tliall~lllar’  fOrlllatiOD ill tll~ (lc]i])tiC ])lallC CCIltCXd 011 tk! ]’;art]l, a.~ S] IOWII  iIl fi~UK!

11) [3]. ‘1’lw forl[latioII  lm.. arxli lcr]gths of OIK! milliml kilo] nctcrs  and rotates in the
Amgradc  dirccLiou wit}] a period of approximatc]y  53 days.

]’;ac]i of the orbit o]kio~ls has advaIILagcs. ‘1’lIc  hc!liocmltric forIllatioll lIas tllc
]Jrolwrt,y  tilat the dirc!ctiol)s bctwcm  spacccrafL  arc! always Witllill 30 ck!g,rcx!s of tmillg
ort]]ogoml  to t]m direction tc) t]m SUII. ‘1’llis allows the sr)acccl  afL to be dcsig[d  SUCII
t]lat su~lligllt Imwr enters  t}m intcrfcro~ndcr  o~)tics , alId also allows tlIc spacecraft
tc) ]Iavc tlm SUI1 always il]umillatinp, the! salnc ~mt’t of t])c! s{mcccrafL. ]tl co]LtrasL tllc
F,CCWUltI’iC  forlllation  rotation Causc!s  t]Ic c]irectioll bcLwcc.11 cacll ])air of spat.mr’afl to
cc)illcic]c with the direction  to the SUII twice every 53 days. ‘J’llis  rrleaIIs that, a ~larmw-
hIId filter is l~ccchcl ill t]m ol)tical  path of tlm F,C?OCClltriC Spacccl aft to reduce the
olltical  alIcl tlmlnal nois(! associatd  with ctircct sunl ight .  ‘Jilm comtaIlt,ly  cllrmgiIlg
as])cct al@: o f  t h e  SUII mcaIIs  t}lat so]ar CC1lS IIIUSL be arl-a]lg,c!d  01)  k]lc gcocc~](,  ric

sj)acccrafL  so that ck!ctrlcal  rmcrgy CM be procluccd over 3G0 &gICCS of rc)tat,iorl ~Iq
op])osd to t}lc slaa]k!r solar  array Imcch] for t]]e ldioccnltric slmcecrafL.  ‘J’}Ic clla~lgiIg
as{mct, allglc of t]m SUI1 011 t]m gcoccnkric  s})acccraft  also caus[!s  t]wrl[lal variatio~ls  i~i
tllc sJ)acccrafL  ftlat, IIlay  affect the llmasureIIvmt, ttmug]l to first order t]msc!  SIIOUIC1
a])~)cm wiL]l a 53 day ~w-iocl t]iat is ILot iu t]m r:illgc iI~ wl~icll gl-avitatiolld  waves are
to h clctectcd.  ]~or a g,ivcll a r m  kHIgllI tllc ldioccIkIic forl[latioll  lIas IIIUC}I  s~llallm
cllalIgcs ill the arml lcvigt.iis, which sim])lifies  the s])acccraft< desip;ll.

‘J’lIc  gcocm]tric option  lIas tlm adva]d,a:,c  that cc)]l)ll](]rlicatic)))s  t o  ttm F;arth
rquims’ s]m]lcr  alltcm)l~s ancl l e s s  tra]]s)nittcd  ~mwm, duc to  t he  fact that tlIc
s]mcccraft,  arc IIIUCII closer tc) the I;arth tha]l  for tlm lmliocxxltric option, ‘J’lIe  geoccxltric
o]tiol]  also requires lrxs lau]lch propellant for a g,ivml sl)accc.raft  ]nass. ‘J’]Ic h(!]icwcnlLric
slmcccraft, IKWC]  t,o l-m i~]jcctd ilio a ]ic]iocc])tric  t] allsfm orbit arid t}ml require ftiirly
large ]llalic:uvcrs to clla]lgc tlm orbit  inclillatim)s  a]Icl acl)icve  the clcsird cc) Ilfiguratioll
[4]. ‘J’lm l]cliocm,tric  transfer phase tat-m ap],roximatdy t,llirtccll  ,lm~itis  com},arcd
wit]l u~ld(!r  six II1OIIL]IS for the geocentric tra]isfw  ]hasc.

III the studies carrid out by HSA [5], the lnissiol~  (lcsig]l for t}m ~coccn!tric  orbit
c)])tion i:lcluctcd slnnllcr  optics , compared to the hcliocm)t]  ic lllissio~l dcsify], in an
attclnlk tc) reduce  tlm nlissiml cost. ‘J’lIc rcducecl  oj)tics size M to a facLor of five less
smlsitivity  to gravitatimd waves. ]Iowcvcr, the iliitial  studies showed  oIIly a sll[all
cost advarhgc  for tlm p;c!occnt,ric mission ol)timl. ‘J’lmwforc  for l,lSA tlm hclioccnttric
]Ilission o\)Lioll, w i th  g rea t e r  smlsitivity,  ]OllgC1  rmll lcI~p,LIIs (whicl] alkmv foI bdtcr
iIlstrulnmAal  smlsitivity  to gravitatiolml  waves at flcqucmcics  u]) to 37nllz),  and tmttcr
tllC!Xllla] Nl(]  dj’’I1i3llliC Shbi]ity,  WC%’ S&!  Ck!(] &S k! hi.di[l(!  .Mld  ~I&S bCC1l  Stlldkd i])

II]orc  cldail,

2. Orl)it stability rc,quircnncmts

]“C)I l,lSA,  c]laI)gcs  ill tllc dista)lcc  bc!twcxnl a p a i r  o f  s~mcccraft,  arc IIIC!ZLS1lI’CX] hy

trmlslnissiol~ of a continuous laser bc!aIII froln OIIC sl)acecrafL  to t]lc SCCOIId;  t]lc laser
Lcaln rcmivcd  by tlm scco])d  sI,accclaf L is dctcctccl  rIIIcl rc-trmw[ llittcd  to t,hc! fil st
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spacx!craft.  ‘1’}Ic  first slmcccraft  measures  t]Ic lhasc diffcrc!~lcc hctwccn tllc incoming
md outgoi  Ilg kascr hams, with  cbaIigcs  iII this j)hasc caused by clIaIlgcs it] the clistrulcc
bctwcml thcslmcccraft.

'l'llcslJacccr[lfl  arcclrag-frcc  u'itllorbits  cictcrlIlillcd  bythcgravitaticnla]  forccsc)ll
tll{! test mass ill tllc cmkcr  of each sprwccrafL  clue to tllc sulI aId other solar systcm
bdics. ‘1’bcnoInixd  clistaIlcc bctwcc)l spacccrafL  is not collstaIlt;  fc)rt}lc llclicJcc!Iltric
case c]lalip,t!s ill t,lIc arl[l ]cIIgth arc  caused hy tllc ccccIltricity  of tbc orbits  allcl b y
])crturbatiolls  fron] the F;artll and the other plalicts,  whi]c for tllc geocentric orbits
tllcvtmiatioIl  illt}lc gravitatiol)al  pull fIoIll  tllcsull and lIIoolI dist\lrbs  tllc Ilc)llliIlally
circular motion about the Earth. ‘1’hcscorbitd  cl[allgcs ofclistancc  bc!twccnspacccraft
will il[l]msc l)opl)lcr  shifts olI the intmfcrcnnctcr  sigIlals  t]lat will ILavc to bc rcIIIovcd
using o]l-boarcl  oscillators (clocks). Noise froIIl the oscillators will tbc~l cc)rru])t tllc
dkhll C(! ll)C~SUICIIIC]lk. ‘1’lIc aIIlouIk of noise illtloduccd  dcpcIIds OII tllc sizcof tllc
] )o])~)]cr  s]lift and tllc pcrforInancc  of the oscillator,

~urrclkly, tllc best slJacccraft  oscillators arc ovcll-stabi]izcd  crystals cliaractcrizccl
by all Allau cfcviatio~lof  ~ 10 -13 fcm avcragillgtinmof 1 to 1000 sc!coI\cis, covcri~lg
tilt! ]miilciplc rcgitncofi~]tercst forl,lSA.  A consta~]t  Allall deviation ischrrractmistic
ofsc)-callccl  flicker-frcqucIlcynoisc. l“c)rtllist  yI)cofI  lc)isct llcl)oivc:rs  lJcctral dcIlsityof
the ~)llasc noise S4, iIltroclucccl at sigI]al frequency j by the oscillator USCCI to remove
afrcquclmy~[j  isrc!]atcc]  tot]lcA l][lllc  ]cvialic)IlaA  bY [6]

%(f)’  oij;)f-3/(21r12) (7adio7~2/11.z)

'J)]lc])()l)l)]  crsllifl c]~lcto al~arl[l  ratc-of-c]laIlgc  vis~~) = 2v(v/c)  wllcrcc istl]csJ)ccd
ofligllt and v istlic laser frcqucIlcy,  since a l)o])])lcr shift occurs iIl both  directions of
travc] fort}  lcrc]lll]d-tril  JclisLat~cc ~~~cas~lrc)I~cr~t. ‘1’hc Incasurclncllt  Iloisc! illtrocluccd is

wl~crc A : c/v is tlIc  laser wavclc~igtll. As almlncric.d cxaIIIldc,  if tl~c aliil  ratc-of-
clla)lg[! is l?I~/s mtd the laser wavdcl\gLll  is A =- l)~mt}m I,]ic lh])]~lcx s]lift is2A411z
aIId t]m lllcasu Icxncllt noise! illtroducrd  at all obscIvatioll  frcqucl]cy c]f 171 LIJ2, givcxl
tll(!asstllllcclc oscillator  ~)crfollnallcc, is {Sr w 850pnl/{112.  ‘1’hc  Incasurcmcnt  goal
is 40prIL/{llz. Keeping tbc lloisc itit,roducccl by tllc oscillator to rtII acccptatdc  lCVC1
thus lcquircs  rirln  rates-of-cllallgc of muclI less thaIl  lTn/s,  a IINCII ilI]Imovcd s~)acccrafl
oscillator, or sonK!  ckllcr II NaIIS of ca]lcclilig this error source.

3. Orbit  stability

‘J’lIc  I, ISA sl)acccraft  arc dcsigllccl tc) bcdrag-frrwsotlmi.  tll~!c~rllysip,tlificatlt  forces
aflcctling t]m test Inmscs  at the ccntcr  of each spacecraft, arc gyavitatiorml.  111 t}ic
siIIll)lcsL casc!tllcollly  free lmranlctcrstllal, cal~ bc djustcd tol[litlilllizctllcar]ll rat,cs-
of cbrmgc  arc the initial ~)ositions and velocities c)f tllc test lnasscs, which tllcll  Inovc
llIlclcr t}lcitlfillcllcc  oft}lcgravitatioxlal  ficlc\of  tllc:sllIl al]{l])la)lcts.  }~ortllc: hcliocclkric
ccn)fip,  uraticnl the typical arm lcIIgI,h clmIIgcs  c]uc to tllc illiti:d s]laj)c oft]lcorbit,s  arc
of order I)c2 with a ~naill pc!riod  1’ of onc year. For al] arIll hIg L] I d = 5 x 10 Gk71J,
t]iis iln~)licx a maximunl  arln  rate-of-challgc of c,rdcr tj = (2 K/Y’) d2/(31))  = 5m/s.
1’cIturL)atio~m  duc to tllc 1’;rrrtl] allct otlm pla-IIcts cause larger  chaIlp,cs ill tlic arnl
lcllp,tlls after a fcw years. ‘J’hc dcgrrrclation  is lar,gcr  WIICII  t,bc forlnatioli  is lwal cr tllc
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lhuth. ‘1’lm  current pla]] for I,ISA is to have the cmltcr of tlm triatlgu]ar  fornlatio~l
2 0  dc.grm!s iu cc]ipt.ic ]ollgituc]c bchinc]  t]w I’;arth. ‘1’llis distance was chmcn  ass a
coln~m)lnisc!  betwecm tlm the cksirc  tc) recluce the orl~it  ~mturbatio~ls  cJuc to the Fkrrth
ald launch  vd]iclc  allcl telccolrL1lltltlicatiol]s ca~)abilities.

(1’or  tlm geocentric option the solar perturbation on the Harth-ccl,tmxl circular
orbits gives aria rates-of-change of ordc!r  50nl/s [3]. l{ccall tlmt the gcocm}tric  optio]]
was for arln lengths  of 1 X 1 OGk7n; for the same ar~n length the hclioccnhric ol)tion
would have arm rates-of-challgc of order  17n/s).

Wlm]]  tllc il]itial  l)ositiolls  a~ld vc!locitic!s for tlm s ix  spacec ra f t  al{! chosml to
millillliz(! the average rate-of-clmlgc of the three arm lmlgtlls over a twe-year ]wriod,
tlm arln rates-of-chal lgc are found to vary tmtwcc[l 3 Gnl/s  [4]. Givml tlm c.urrellt
Iwrforllla]lcc of space-qualified oscillators, rcmovi[lg tile I)oI)plc!r  shifts of the nolnil)al
orbits  ildjrodoccs more lloisc in tile nmasurcnomlt  t hall call 1x2 tolerated.

Allotllcl  oI)tion  stucliecl wrM to incluclc occwional  maneuvers by the spacecraft
to reduce tile at-rll rates-of-challg,e. ‘1’l]e  idea is that itlsteacl of allowing tlm test
lnassc!s to move uuder  .gavitatiollal forces  oldy for the mkire  tw~ycar  nolaillal  missioll,
]nruicuv(!rs  CCJUIC1 Lm done at intervals to kccl) the aria  rat,cs-of  challgc .sIllallcr  over
givcnr illtcrvals.  ‘1’lm  !rlaneuvcrs  occur at each spacecraft nlaillly  perpc]ldirw]ar  to the
dircctiml  bdwcml  tlm sj~acccrafl. ‘1’lic ma!lcuvcrs  serve to iliake slnall adjustrllcrlts
ill tile orbit ]miod ald ccccntric,ity  sucli that the arIn lengths  rclllail~ mm! co]lstant.
‘1’his  strategy is lilnitcd  l)y tile low levd  of thrust availaL,lc  frolll tllc! srliall iml tlllustcrs
}Jal[]lecl for t}m s~)acecraft. ‘1’lle thlustcrs arc currently  l)lalIrml to }Iave a Inaxillluro
thrust of orck!r 100j~ N sufficient to coul~teract  tlm folcc c)]~ tl)c exterior sjmcx!craft,  clue
to tlm solar lulriillosity. With thrxw thrusters it takes  a lo]lg ti]rlc to c!xc!cute evc~] slna]l
lnalwuvcrs,  ~)erllaps 1 day to change tile velc)city by 1 Ocrll/s (givml  tllc 10{Oss c)f tllc
c u r r e n t  s~)acc!craft dcsigll).  ‘J’lm Imisc force 011 the test lnasses  during, tlw cxecutiml
of tllesc  IImllcuvcrs  is :Lssumccl to bc large! C!llOLIg]l  to prcx-.ludc accurate ]l~e{istlrc:lllcrlts
duri]lg that ti]ne.

Aldysis  has lJCWII dotlc to s]iow tliat it is lmt lmsil)k to kcc~) t]m rates-of -c]langc
of all tllrce  arlns  of the ldiocellt~ic fc)nnaticul to all accc~)tablc  level using the iml
thrusters [4]. It does a])I)ear  feasible to stabilize two of tlm tlllcc ar~lls to aIL accel)trrldc
level with  a practical nunltwr  of slaall  trlallcuvers. If ollc: ]m ticulm vertex is corlsidcred
a.s tlic! ])lilne vertex, thcl~ the salne  sl)accc  raft  oscillator call be used to rmnove  t,hc!
])o])])ler s]lifl of I,llc two arms meetirlg at tllc p]irrm  vcrt(!x. (With tlm currcn,t ~,lal,
of two spacecraft at each vc.rtcx, t,lw two spat.ccraft, call use tllc salae  cxscillator  by
tralislrlittillg a signal froln Ol]c spacecraft to the otiler  with th(! oscillator ~)hase ellcodecl
on tlic sigilal. ) ‘J’hrvl it is tl]e cliflkrmlcc  i]) tlw rat{!-of-cllarlgc of tllc two arlns  that
illtl OCIUCCS Imisc! ilko the gravitational wave nmasurelaellt.  All cd)it solutic)ll }Ias bee]]
foul]d with ~oalm]vcrs  takirlg  place once each lnonth,  of lrlag~litudc  10cnt/s  or less,
SUCII  that the diflerellcc  i~l rate-of-  c])a~lg;c of tile two ~mirlm at-r[ls is kc~lt to all root-
lrmill-scluarc  level of 7?tL?rL/s.  {Jsing this c]ifferel~cc velocity, t}m noise ilkroducecl  by
tile oscillator with  Allan  deviaticm 10- ‘3 is less thrtll the goal of 40p1n/{lIz  goal. ‘J’l]c
disadvalltar,cs  of usil]g malmvcrs to stabilize a ~)air of arlrls is that it does Ilot allow
for usi~lg tlw infor!oation  available from tllc! tllircl aria ald it involves a Weacl tirrle”
of al.mut olIc day each month.  IIy not usilig tile third arln tl[e detector is scxlsitive to
Only olm of tllc two ~)ossiblc  gravitational wav(!  polarixatiolls  at any given tilnc.  (’I’IIc
rotaLion of tlm forlI\atioli  over the alinual  period  will cause a give]l  prrir  of ar]rls to b(!
smlsitivc to diflt:rm)t  ~)olarizatioxls at different  titnes.)

Almtller  alterllativt!  to rcdum  the lmisc causal try tlrc 1 k)J)l)lcr  shifts  is to IIlodulatc!
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the laser beams with a signal based on the spacmraft  oscillators, similar to the scheme
discussed by IIcllings  et al. [7]. In this scheme each arm is essentially used as a delay
line to stabilim the oscillators; the returned oscillator signal is colnparecl  to the local
oscillator siglml and the cliflercnce  usecl to rnm.wrre  fluctuations in the spacecraft
oscillator. ‘1’his schcmc has been actoptecl as the llonlinai  plan for the I, ISA mission.

Within this scheme it is still advantageous to have the arm rates-of-change small
since this rccluces  the dynamic rarrgc of the signal necdml for the oscillator signal, For
cxarnplc,  with arm rates-of-change of 15nt/s and Doppler shifts of 30ikfHz,  it suffices
to usc a 200&f}1z modulation derivccl from the spacecraft oscillators on the laser
signal [8], ‘1’hc  modulation can bc imposed using an electro-optical  modulator already
planned in the spacecraft payload for other purposes. ‘1’his  is somewhat simpler than
the two-hwscr scheme outlined in IIellings  ct al. which is needed to account for the
larger  dynamic range  associated with the geocentric orbit c,ption.

With this clock-noise reduction schcrnc there are a variety of possible choices of
nominal orbits that give acceptable ranges  of Doppler shift over the period of the
mission. ‘1’he  nominal design selected is to use initial orbits that could, if ncccssary,
bc adjustccl  by small maneuvers each month to keep tllc rates-of-change of onc j)air of
arms nearly the same  throughout the mission. Ilowc!ver  no maneuvers are planned if
performance is nominal. Figure  2 is a plot of the arln rates of onc nominal scenario.
(’1’hc  orbits will change slightly in character ciepcndiug on the chosml launch  date.)
Irl figure 2 the rate-of-change of arm length for two of the arms is almost ickmtical
fOr th(! firSt  SiX IllOIlths  Of thC llliSSiOI1.  q’h~ difference ill ratC-Of-Chall.ge  Of thH! twO
arlns  could be kept small through the use of the small mancuvcm.  ‘J’he thircl arm
rate-of-change varies between  +.15n~/s for the first two years, which is larger than
ncccssary  if all three arms arc treated equally, but  is WCII  witllin  tllc capability of tllc
clcctrwoptical  modulator to perform the clock cancellation scheme.
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